Abstract. We analyse the topological and geometrical behavior of foliations on 3-manifolds. We consider the transverse structure of an R-covered foliation in a 3-manifold, where R-covered means that in the universal cover the leaf space of the foliation is Hausdorff. If the manifold is aspherical we prove that either there is an incompressible torus in the manifold; or there is a transverse pseudo-Anosov flow. It follows that manifolds with R-covered foliations satisfy the weak hyperbolization conjecture.
Introduction
In this article we analyse the topological and geometrical consequences that foliations induce on 3-manifolds. More specifically we study the transverse structure of an R-covered foliation in a 3-manifold, where R-covered means that in the universal cover the leaf space of the foliation is Hausdorff. When the manifold is aspherical we prove that either there is a region in the leaves where the geometry does not change much transversely, yielding an incompressible torus in the manifold; or there is a transverse pseudo-Anosov flow which captures the directions of maximal stretch/contraction transverse to the foliation. Hence if the manifold is atoroidal and aspherical there is always a transverse pseudo-Anosov flow. As a consequence manifolds with R-covered foliations satisfy the weak hyperbolization conjecture.
The goal of this article is to understand the geometrical/topological implications of the existence of a foliation in a 3-manifold. First we review some basic facts of foliation theory. The main villain in 3-manifold foliation theory is the Reeb component: a foliation of the solid torus where the boundary is a leaf and the interior leaves are topological planes spiralling towards the boundary leaf. Reebless foliations, that is those without Reeb components, are extremely useful in understanding the topology of 3-manifolds: fundamental work of Novikov, and later Rosenberg, Palmeira showed that leaves inject in the fundamental group level (incompressible leaves) [No] , the manifold is irreducible (that is every embedded sphere bounds a ball) [Ro] and the universal cover is homeomorphic to R 3 [Pa] . Such foliations have excellent properties and they reflect the topology of the manifold. On the other hand Gabai constructed Reebless foliations in any irreducible, oriented, compact 3-manifold with non-trivial second homology and derived fundamental results in 3-manifold theory, such as property R and many other results [Ga1, Ga2, Ga3]. Roberts also constructed many Reebless foliations in large classes of 3-manifolds which are not Haken [Rob] and jointly with Delman used this to prove property P for alternating knots [De-Ro] . Notice that the Reebless property is crucial here, since any closed 3-manifold admits a codimension one foliation [Li, Wo] , most of which are not useful for topology -for instance S 3 has many foliations (with Reeb components).
Our focus will be on the transverse geometric structure of a Reebless foliation. Thurston [Th8, Th9, Th10] recently showed that foliations are much better behaved in the transverse direction than was previously expected: nearby leaves stay nearby forever in many directions of the leaf. This gives a tremendous boost in understanding the global structure of foliations and it aids the understanding of the geometry of the foliation and the manifold in connection with the geometrization conjecture [Th4] .
There is a natural breakup into two cases here: the lifted foliation in the universal cover is a foliation by planes (or spheres) and the leaf space of this lifted foliation is a 1-manifold which may be Hausdorff or not. In a lot of situations the question of Hausdorff/non-Hausdorff turns out to play an important role and have strong consequences [Ve, Ba1, Ba2, Ba3, Fe2, Fe3, Fe4] . If the leaf space is Hausdorff then it is homeomorphic to the real numbers R and the foliation is said to be R-covered [Pl2, Fe2] .
In this article we analyse R-covered foliations in 3-manifolds -the simplest case in studying the global structure of foliations in the universal cover. Examples of this large class of foliations are: 1) fibrations over the circle; 2) foliations defined by non-singular closed 1-forms; 3) stable/unstable foliations of large classes of Anosov flows in 3-manifolds [Fe2]; 4) slitherings over the circle as defined by Thurston [Th7] -roughly a slithering is a map from the universal cover of the manifold to the circle S 1 which is a fibration equivariant under covering translations, inducing a foliation in the manifold; 5) Uniform foliations: a foliation is uniform if any two leaves in the universal cover are a bounded distance from each other (the bound depends on the pair of leaves) -they are closely related to slitherings [Th7];
